Otochilus albus Lindl is one of the important orchids especially used for the horticultural purpose and commercial use. It is listed as a rare and critically endangered species in Nepal. An attempt to preserve the important orchids was done by establishing an efficient in vitro regeneration protocol using seed. This study was carried out by using Murashige and Skoog (MS) medium and the MS medium supplemented with growth regulators namely 6-benzylaminopurine (BAP) and α-naphthalene acetic acid (NAA) in different concentration. The seed germination and protocorm formation started after 8 weeks of culture, and complete seedling was developed within 26 weeks of culture in the basal medium and medium supplemented with 0.5 mg/L BAP and 0.5 mg/L BAP + 0.5 mg/L NAA, respectively. Regardless of the NAA supplement, the protocorm formation and seedling development were delayed in the medium containing higher concentration of BAP.
INTRODUCTION
Orchids are one of the unique plant groups and are important aesthetically, medicinally, and also regarded as an ecological indicator (Joshi et al., 2009) . Orchid constitutes an order of royalty in the world of ornamental plants. Despite the ornamental application of orchids, they are equally used as herbal medicines. Hence, orchids have ornamental, medicinal as well as edible values. Typical medicinal values are identified as anti rheumatic, anti-inflammatory, anti-carcinogenic, antiviral, diuretic, anti-tumour, anti-aging, anti-microbial, wound healing, and many others. Orchids are of immense horticultural importance and play a significant role to balance the forest ecosystem (Kaushik, 1983) .
Overexploitation and habitat loss extremes might cause them to be extinct in the near future (Pant et al., 2018) . Orchids are highly sensitive to a slight disturbance to *Corresponding author. E-mail: hira_adhikari@yahoo.com. On the other hand, the germination rate of orchid seeds in nature is only 2 to 5% (Rao, 1977) . Orchid seed lacks functional endosperm, so the germination of seed requires a suitable fungus. The seedling takes 12 years to grow to maturity (Basker and Narmatha Bai, 2006) . These difficulties in natural germination may cause these species to get extinct. Therefore, scientists need to preserve these valuable orchid species at least by utilizing an efficient artificial means to facilitate the seed germination. Micropropagation of orchids through seeds can produce a large number of orchid plantlets in a reasonable time. Thus, the present study was undertaken to develop an efficient protocol for in vitro propagation of Otochilus albus Lindl. through immature seed to seedling formation. A well-known MS medium and the medium supplemented with the varied concentration of BAP and NAA were used to study their effects on in vitro propagation of O. albus Lindl species.
MATERIALS AND METHODS
The material used in the present investigation was the immature capsule of O. albus Lindl obtained from the natural habitat of the plant species, Dolakha District, Lamabagar VDC, Nepal. Nepal is situated in the lap of Himalaya, harbors 451 species of orchids from 107 genera (Rajbhandari, 2015) . Nepal is rich in an incredible variety of orchid flora due to altitudinal variation, diverse habitats and varied climate conditions. The capsule was sterilized by washing under running tap water after dipping in the detergent for 15-20 min for 1 h until the water became totally clear and transparent. The capsule was then rinsed in 70% ethyl alcohol for 2 min and dipped in 1% sodium hypochlorite solution for 10 min. Finally, the capsule was rinsed with sterile water for 5 min.
Murashige and Skoog (MS) medium (Murashige and Skoog, 1962 ) was used alone and in different concentrations of 6-benzylaminopurine (BAP) and α-naphthalene acetic acid (NAA) for the inoculation of seeds. The medium was adjusted to pH 5.8 before autoclaving and solidified with 0.8% w/v Difco Bacto Agar. About 20 ml medium per culture tube was poured into culture tubes, and each tube was tightly covered with aluminum foil. The culture tubes containing medium were autoclaved at 121°C and pressure of 15 lb/sq. inch for 20 min. After cooling down, the culture tubes were taken out and kept in culture room in slanting position. The sterilized capsule was transferred to pre-sterilized laminar airflow cabinet and dissected longitudinally into two halves using a sterile surgical blade. The seeds were then inoculated on the surface of MS medium alone and in different concentrations of BAP and BAP + NAA using sterile forceps. The cultures were incubated at 25±2°C under the photoperiod of 12-15 h and observed regularly.
RESULTS AND DISCUSSION
The immature capsules of O. albus Lindl was selected for the research as they show better germination response in a short period (Pant, 2006) . The nature and quantity of growth hormones have significant effects on the germination of orchid seeds (Arditti, 1979) . Immature seeds of orchid species from northern temperate regions are more difficult to germinate than mature seeds (Arditti et al., 1982) . In this study, the MS basal medium is nevertheless found to be effective for the in vitro seed germination. Similar results were obtained by Karki et al., (2005) in Vanilla planifolia. The Orchid seeds were successfully germinated in MS basal medium. Likewise, Pant and Gurung (2005) germinated seeds of Arides odorata Lour in the MS basal medium. On the other hand, the most effective germination response of O. albus Lindl. with the development of roots and shoots was obtained on MS medium supplemented with BAP (0.5 mg/L) + NAA (0.5 mg/L).
In the experiment, there was the selection of the most suitable medium on the basis of time taken for germination of seeds and their growth and development. Initiation of germination was observed after 8 weeks of culture in MS basal medium and 13 to 18 weeks of culture in MS basal medium supplemented in different combination BAP and NAA hormonal concentration (Table 1) . Among the hormonal supplemented MS media, BAP (0.5 mg/L) supplement has demonstrated similar performance to that of MS basal medium for spherulation, protocorm formation, as well as shoot formation. However, it is interesting to note that the first root formation was significantly earlier in 0.5 mg/L BAP supplement than that of the MS basal medium without any supplement. This was supported by finding of Reddy et al. (1992) , who studied the seed germination, and seedling growth of different orchids (Cymbidium aloifolium, Dendrobium crepidatum, Epidendrum radicans, Spathoglottis plicata) and found seed germination in 5 weeks.
Protocorms were obtained after 11 weeks of culture in MS basal medium and medium supplemented with 0.5 mg/L BAP respectively (Table 1) . Basker and Narmatha Bai (2010) obtained similar findings in seed germination of Eria bambusifolia in which it took 7 weeks for protocorm formation in the MS basal media and on Phaius tancarvillea it took around 9 weeks for the protocorm formation (Pant et al., 2011) . According to the recent studies, it is reasonable to expect that seed germination could be affected by phylogeny, life history attributes such as seed size, seed dispersal, life forms, etc (Xu et al., 2014) .
Auxins and cytokinins are most frequently used in nutrient media to increase the percentage of germination or to stimulate protocorm and seedling development (Gegi et al., 2018; Diengdoh et al., 2017) . According to De Pauw et al. (1995) their importance in germination is limited but increased during the development of protocorms. As reported by Mitra (1986) , cytokinins or their combination with auxin stimulates seed germination. The combination of auxins and cytokinins play an important role in seed germination. The signaling pathways of the hormone can stimulate seed germination through the release of coat dormancy, weakening of endosperm and expansion of embryo cell. MS basal medium does not contain hormonal effect whereas MS modified medium stimulates the germination through the release of coat dormancy. In other media such as 0.5 mg/L BAP + 0.5 mg/L NAA, and 1.5 mg/L BAP + 0.5 mg/L NAA, it took only 17 weeks for protocorm formation. The protocorms observed after inoculation of seeds in MS medium (8 weeks), and the medium supplemented with 0.5 mg/L BAP (8 weeks), 0.5 mg/L BAP + 0.5 mg/L NAA (18 weeks), and 1.5 mg/L BAP + 0.5 mg/L NAA (18 weeks) are shown in Figure 1 . The protocorm obtained from the MS basal medium is more distinct and bigger as compared to the protocorm obtained from BAP supplement in early appearance. On the other hand, addition of 0.5 mg/L NAA along with the 0.5 mg/L BAP enhanced to formation of protocorm, which is larger, distinct greenish color, and an apparent branched structure.
Further increase of the concentration of NAA to 1.5 mg/L, the protocorm appeared as oval shape with yellowish green in color. For other combinations of BAP and NAA supplements, the protocorm formation was delayed for 3 to 4 weeks. The protocorm obtained was differentiated into the seedling after 26 weeks of seed culture for the seed sample from the MS basal medium containing 0. (Figure 2d ) that the higher concentration ratio of BAP to NAA is not as effective as the MS basal medium without supplement (Figure 2a) . Accordingly, only BAP supplement is not adequate for the proper growth of the O. albus Lindl plantlet (Figure 2b ) via in vitro seed culture. BAP acts as in vitro shoot proliferation hormone and NAA act as root proliferation hormone. The synergetic effect of BAP+NAA together induce root and shoot proliferation and seedling formation. Similar findings were also reported in previous studies on seed germination of Aerides odorata (Pant and Gurung, 2005) , seed germination of Cymbidium spp., Dendrobium nobile and Dendrobium primulinum (Luan et al., 2006) . However, this result is different from the result of Phaius trankervilliae (Luan et al., 2006) .
The complete plantlet of O. albus Lindl was obtained within 29 weeks of culture. This was supported by the findings of Pant et al. (2011) on Phaius tancarvilleae which took 24 weeks to develop into complete plantlets and Paudel et al. (2012) on Esmeralda clarki which took 25 weeks. It is to be noted that the nutritional requirement to germinate orchid seeds vary with their physiological state and this may be species-specific (Yam et al., 1989) . Hence, in the present investigation different strength of MS media were found to be effective for the germination of immature O. albus Lindl seeds.
Conclusion
This study is focused on the in vitro mass propagation of endangered orchid species O. albus Lindl for the conservation by tissue culture method. In O. albus Lindl, a combination of 0.5 mg/L BAP + 0.5 mg/L NAA hormonal supplements in the MS basal medium was found to be an effective concentration of BAP and NAA hormones for both shoot and root proliferation. Similarly, 0.5 mg/L BAP in the MS basal medium was also observed to be an effective concentration for early shoot/root initiation. However, an appropriate concentration of both the hormones, BAP and NAA, are recommended for in vitro seed germination and seedlings growth of O. albus Lindl using the modified MS basal media. of Botany, Tribhuvan University, Kirtipur, Kathmandu, Nepal for providing the laboratory facilities and Mr. Mukti Paudel for providing the orchid capsule.
